Estimation of the sedimentary source of biotite in the plio-pleistocene Osaka groupdouthern Kyoto prefectureJapan by Hiraoka, Yoshihiro
Journal of Geosciences, Osaka City University
Vol. 41. Art. 1. p.1-17. March. 1998
Estimation of the sedimentary source of biotite in the Plio-
Pleistocene Osaka Group, Southern Kyoto Prefecture, Japan
Hiraoka Yoshihiro
Department of the 2nd. Chemistry. Criminal Investigation Laboratory
of Kyoto Prefectural Police, Head Quarters.
Kamanza-Dori Shimotachiuri, Kamigyo-ku, Kyoto 602, Japan
Abstract
The origin of sediments of the Pliocene and Pleistocene Osaka Group was estimated on the
basis of chemical analysis of detrital biotite. Samples examined were biotite crystals of
granitoid gravels, sands and silts collected from the Uji hills, the Keihanna hills, the Nara hills
and the Momoyama hills, located in the southern Kyoto Prefecture. Chemical analysis of
biotite was carried out using an electron probe micro analyzer (EPMA). Biotite crystals were
discriminated, based on FeO' (total iron as FeO) and MgO compositions. Discrimination was
made by comparison with chemical compositions of biotite contained in granitoids, which is
distributed, in the expected source regions of the sediments. The chemical compositions of
biotite contained in the lower members of the Osaka Group differed from those in the upper
member. MgO/FeO' ratios of biotite showed a decrease with ascending stratigraphic order.
This variation was obvious in the Uji hills samples, but it was less obvious in the Keihanna
hills samples. Chemical compositions of biotite in the source granitoids could be classified into
the Yagyu-type and the Shigaraki-type, based on MgO/FeO' ratio. Biotite crystals contained
in the lower member were identified as of the Yagyu-type, whereas those in the upper member
were of the Shigaraki-type. In the Nara hills, where the lowermost and the lowest members of
the Osaka Group are distributed, all biotite crystals were classified into the Yagyu-type.
Overall, the source of the sedimentary biotites changed gradually from the Yagyu-type to the
Shigaraki-type in the following ascending stratigraphic order: the ]oyo B Gravel and the Uji
Gravel in the Uji hills, the Mizutori Gravel, the Zakuro Alternation, the Seika Formation, and
the Shoudai Formation in the Keihanna hills. This suggests that changes in the supply source
of deposi ts of the Osaka Group occurred through Plio-Pleistocene ages.
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1. Introduction
"Where is the origin of an unknown soil
which was displaced artificially or naturally?"
This question is encountered in the cases of
criminal investigation or illegal abandonment of
soils, and in the geological study of the sedi-
ment sources. Many studies have dealt with the
origins of sediments on the basis of chemical
analysis and statistical analysis. Musashino
(1992) analyzed the incompatible elements of
sandstones and discussed their sedimentary tecton-
ic setting. Nanayama et a1. (1993) carried out
quan tita ti ve anal ysis of detrital chromian spinels
in sandstone and estimated their source. Obayasi
(1995) reported the characteristics of the chemi-
cal compositions of detrital garnet. Watabe et
a1. (1995) studied the chemistry of nearshore
sediments in the Toyama Bay in order to deter-
mine their origins.
The Plio-Pleistocene Osaka Group comprises
mostly normal sediments, including gravel, sand
and silt beds. Alternative regressions and trans-
regressions of sea-level resulted in fluvio-
lacustrine and marine clay alternations (Itihara,
1993). Attempts have been made to estimate the
source of fluvio-lacustrine sediments by the
Ii thological features of the contained gravels
(for example, Iida, 1980). However, no geochem-
ical approaches have yet been done. For the
possible source rocks of the Osaka Group
deposits, Hiraoka (1997a&b) has analyzed grani-
toidsand their weathered products in the area
around Lake Biwa. These rocks are considered
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2.2. The Keihanna hills
The Keihanna hills are located in the south-
western part of Kyoto Prefecture (Fig, 3), The
deposits in the Keihanna hills are composed of
those of the alluvial fan which extended from
the Uji hills area (Joyo Gravel Research Group,
1992), The lowermost, lower and upper mem-
bers of the Osaka Group are distributed widely,
and unconformably overlie the basement of the
Ryoke Complex with an abutment-overlap re-
lationship.
Mitamura(1992) classified the Osaka Group
of this area into the Tomigaoka Formation, the
Tanabe Formation, the Seika Formation (alter-
nations of gravel, sand and silt but mostly com-
Uji hills were formed by the Paleo-Seta river,
which runs through the mountainous ranges
from the Kobiwako sedimentary basin. These
sediments belong to the lower member of the
Osaka Group, and have been classified by
Hashimoto (1978) into the Aodani Gravel, the
loyo A Gravel, the loyo B Gravel, and the Uji
Gravel, in ascending order. The loyo A Gravel
and the loyo B Gravel have intercalations of silt
beds, which occur more frequently than in the
Uji Gravel. The Aodani Gravel comprises angu-
lar gravels, which are supposed to be supplied
from the surrounding basement rocks of the
Tamba Group, In contrast, other gravel beds are
rich in rounded gravels (Hashimoto, 1978: loyo
Gravel Research Group, 1992), The Uji Gravel
unconformably overlies the loyo B Gravel.
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2.1. The Uji hills
The Uji hills are located to the southeast of
Uji City (Fig. 2). Nakagawa' and Yokoyama
(1975) showed that the fluvial sediments of the
2. Geology of Sampling Sites
to be a source of the Osaka Group, distributed
in the southern Kyoto Prefecture. His works
classified the granitoids into several types, using
Sr, Rb and other major elements obtained by X-
ray fluorescence spectrometry (Hiraoka, 1997a).
The MgO/FeO' ratios of biotite contained in
those rocks also show the characteristics of the
rock types (Hiraoka, 1997b). This classification
has been shown to be applicable for weathered
biotite crystals, based on the difference in
weathering trend as well as on the difference in
absolute chemical compositions.
Detrital biotite in both fresh and altered
forms is commonly found in the Plio-Pleistocene
Osaka Group. The supply source of the biotite,
i.e., the sediments, may be estimated by chemical
analysis of biotite. The granitoid gravels and
fine sediments of the Osaka Group were ana-
lyzed. Samples were taken from the Uji hills, the
Keihanna hills, the Nara hills and the Momo-
yama hills (Fig. 1), where the stratigraphy has
been well studied by previous researchers
(Hashimoto, 1978: Mitamura, 1992: Kawamura,
1993: Fukakusa Research Group, 1962). The
author estimated the chemical compositions of
biotite and the bulk chemistry of the samples,
and demonstrates the temporal variation in
source rocks of the deposits of the Osaka Group.
[=~il~mli!~III~~]Osaka GroupKobiwako GroupotN Tamba Group~
~ 34"40'
135'30' 136'15' 136'30'E
Fig. 1. Geological map of the southern Kyoto Prefec-
ture and study area,
Fig, 2, Geology of the Uji hills (Hashimoto, 1978) and
sampling locations.
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D Alluvial Sediment
• Terrace Deposits
prises sand and gravel), and the Shoudai For-
mation (alternation of gravel, sand and silt).
The Tomigaoka Formation is subdivided into
two sub-members: the Shikahata Gravel (sand
and gravel) and the Higashibata Alternation (al-
ternations of sand and silt), in ascending order.
The Tanabe Formation is also subdivided into
the Mizutori Gravel (mostly sand and gravel)
and the Zakuro Alternation (alternations of sand
and silt) (Fig. 3). The Mizutori sub-member
mainly comprises subrounded chert gravels, with
some subangular to subrounded granitoid
gravels. The Shoudai Formation comprises main-
ly subrounded to rounded chert gravels.
2.3. The Nara hills
Kawamura (1993) classified the Osaka Group
in the Nara hills into the Kidzu Formation and
the Saho Formation (Fig. 4). The Kidzu Forma-
tion consists chiefly of silt and sand, and is
subdivided into five sub-members: the Kannonji
Gravel, the Kiridoshi Sand, the Kazeyama
Alternation (alternations of silt and sand), the
Kamiumedani Sand and the Toroji Alternation
(alternations of sand and silt), in ascending
order. The Saho Formation consists of alter-
nations of silt, sand, and gravel. This formation
is subdivided into three sub-members: the
Konoike Alternation (alternations of sand and
gravel, and silt), the Utahime Clay and the
Tsuburo Alternation (alternations of sand and
gravel, silt, and sand).
f
"'"
"
.
~llcllllrlJ'",111(lll
~~lfll~lll
mlwl.lCt.lr
/' !ull
Fig. 3. Geology of the Keihanna hills (Mitamura,1992)
and sampling locations.
The Kannonji Gravel comprises subrounded
to rounded chert, acidic pyroclastic rocks,
granitoids, shale and hornfels. The gravels con-
tained in the Konoike Alternation are rounded
to subrounded gravels, and the lithofacies of the
gravel beds are similar to those of the Kannonji
Gravel.
2.4. The Momoyama hills
The Momoyama hills are located to the
southeast of Kyoto City. The Fukakusa Research
Group (1962) reported the stratigraphy of the
Osaka Group in the Momoyama hills. In the pres-
ent study area, the exposed Osaka Group
ranges from the Mal (marine clay 1) to the
Ma5 horizon. Interbedded freshwater sediments
are clay, silt and sand beds (Fig.5: Fukakusa
Research Group, 1962: Ichihara, 1993). The
Osaka Group in this area is identified as the
middle of the lower member to the middle of
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Fig. 4. Geology of the Nara hills (Kawamura, 1993)
and sampling locations.
4the upper member.
3. Samples
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Formation were
(Loc.14~Loc.17
Keihanna hills).
from the Nagao site
the northern parts of the
3.1. Uji hills
Samples collected from the Uji hills are from:
i) the Uji Gravel Bed, ii) the Joyo B Gravel Bed,
and iii) the loyo A Gravel Bed (Locs.l & 2 in
Fig.2). The samples from the Uji Gravel Bed and
the loyo B Gravel Bed were collected at the
Nagaike site (Loc.! in Fig.2). Sand predominates
in the loyo B Gravel Bed, but rounded gravels
of chert and granitoid of <50 mm diameter are
occasionally present. Granitoid gravels are ex-
tremely weathered. In the Uji Gravel Bed,
granitoid gravels predominate, and some of the
pebbles exceed 50 mm in diameter. Both gravels
and sand matrix were collected for the two beds.
Samples of the Aodani Gravel Bed and the
loyo A Gravel Bed were collected at the
Gohnoguchi site of the Uji hills (Loc.2 in Fig.2).
Angular chert gravels predominate in the
Aodani Gravel Bed, and granitoid gravels could
not be found. A few granitoid gravels are found
in the loyo A Gravel Bed.
3.3. ara hills
Granitoid gravels and sands of the Osaka
Group and their equivalents (middle Pleistocene
to Pliocene) were collected at the Watsuka site
(Loc.! in Fig. 4). Samples of sand from the
Kannonji Gravel Bed (Loc.2), the Kiridoshi Sand
Bed (Loc.3), and the Kamiumedani Sand (Loc.4)
were collected at the Kamo site. Granitoid
gravels were also collected from the Kannonji
Gravel Bed (Loc.2). Samples of sands from the
Toroji Alternation Bed (Loc.5) and the Konoike
Alternation Bed(Loc.6) were collected at the
Kidzu site. Granitoid gravels were also collected
from the Konoike Alternation Bed.
3.4. Momoyama hills
As granitoid gravels could not be found in
the Momoyama hills area, fine sediments were
collected at six sites (Lac.! to Loc.6 in Fig. 5a &
Fig. 5b).
4. Analytical methods
Fig. 5. (a) Sampling locations in the Momoyama hills,
and (b) simplified stratigraphy.
3.2. Keihanna hills
Weathered granitoid gravels in the Mizutori
Gravel Bed, the Zakuro Alternation Bed and the
Seika Formation were collected near the
Hohzono Base of the Self-Defense Force (Loc.
1~Loc.l2 in Fig.3). Samples of the Seika
Formation were also collected at Takanohara
(Loc.13),and those for the Zakuro Alternation
Bed, the Seika FormatIon and the Shoudai
(a)
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About 50 g of sand samples were dried at
room temperature, and about 10 g of splits were
taken up by coning and quartering. These splits
were ground to -100+200 mesh size, using a
tungsten carbide mill. One gram each of the
powdered samples was weighed and pressed
with vinyl chloride guide rings at a pressure of
10 ton/cnr, resulting in powder pellets of 30 mm
diameter for Rb and Sr analysis by X-ray fluo-
rescence spectrometry (XRF).
Biotite crystals of various stages of weather-
ing were picked by hand under a binocular
microscope from sand samples. These samples
were rinsed several times with deionized water,
and dried at room temperature. Samples were
set on a carbon sheet and edges of the bioti te
crystals were pasted with graphite paste in
order to obtain good electrical conductivity.
These samples were coated with carbon of a
thickness of about 100 A for electron probe
micro analysis (EPMA) . For the analysis of
biotite in granitoid gravels, the biotites were
moderately ground, and were also prepared by
the same procedure noted above. When gravels
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were extremely weathered, relatively fresh parts
of the gravels were picked.
The apparatuses used were the Kevex system
7000 energy dispersive X-ray fluorescence spec-
trometer (XRF) at the Kyoto Prefectural Insti-
tute of Hygienic and Environmental Science, and
the EDAX PV9800 energy dispersive EPMA at
the Criminal Investigation Laboratory of Kyoto
Prefectural Police. The conditions of the XRF
and EPMA analyses are shown in Table 1 and
Table 2, respectively. Data corrections are as fol-
lows: calibration curves for quantitative analysis
of rock samples using an energy dispersive X-
ray analyzer (Nagatomo, et a!., 1986) for XRF,
and ZAF correction (Soejima, 1987) for EPMA.
vey of Japan, JG-1 (Ando,1978). The JG-1 was
analyzed together with the samples. Normalized
values for each ~he elements are shown by
barred symbols (Sr and Rb).
Analytical results of biotite in sands and
granitoid gravels samples are listed in Table 5
and Table 6 for the Uji hills, Table 7-1 to 7-3
for the Keihanna hills, Table 8 and Table 9
forthe Nara hills, and Table 10 for the
Momoyama hills. In these Tables, the J.D. num-
bers for thegravel samples show each district's
gravels, and those for the sand samples corre-
spond to sampling sites for each location.
6. Discussions
Table 1. Analytical conditions of XRF.
Table 2. Analytical conditions of EPMA.
5. Analytical results
Bulk rock Rb and Sr compositions of the
sediments from the Uji hills are listed in Table
3 and Table 4. The XRF data were shown by
normalized values, using a geostandard rock
sample, which was provided by Geological Sur-
6.1. Bulk rock chemistry
Fig. 6 shows· Sr-Rb values obtained from
sand samples from the Aodani Gravel Bed, the
Joyo A Gravel Bed, the Joyo B Gravel Bed and
the Uji Gravel Bed. Field boundaries of the
source-rock granitoids are also shown (Hiraoka,
1997a). Most of the samples plot in the
Shigaraki I and the Shigaraki IT fields. As
these sediments contain various fragments that
were derived from the Paleozoic and/or the
Mesozoic complexes of sedimentary rock origin,
contamination of the rock fragments must have
shifted the bulk rock compositions of the sands.
Fig. 7 shows Sr-Rb values of weathered
granitoid gravels in the Joyo A Gravel Bed, the
Joyo B Gravel Bed and the Uji Gravel Bed. In
this diagram, most of the gravels belong to the
Shigaraki IT field, but values are scattered
widely over th~three discrimination fields. The
use of the Sr-Rb diagram for weathered
granitoids is not as efficient as for sands. Rb
and Sr elements are soluble in water and are
Rb, Sr
Mo
Air
100 live sec.
40kV
lOrnA
18.5kV
InA
l.l.lm
03xO.4mm
50 live sec.
Element
2nd. target
X-ray pass
Measuring time
Tube voltage
Tube current
Accelerating voltage
SampIe current
Beam diameter
Measured area
Measuring time
Table 3. Analytical results of sand from the Uji hills.
Normalized values Conternt(ppm)
Member Loc. by the JG-1 SampleNo III
Rb Sr Rb Sr number
Uji Gravel Bed 1 0.686'2' 0.779 131 138 3
(0.079)'3' (0111) (15) (20)
Joyo B Grabel Bed 1 0.646 0.626 123 111 8
(0.093) (0079) (18) (14)
Joyo A Grabel Bed 2 0.763 0.358 149 64 8
(0.165) (0.043) (31) (7)
Aodani Gravel Bed 2 0.652 0.282 124 50 8
(0 115) (0053) (22) (9)
(1) Location number in Fig, 2, (2) Average, (3) Standard deviation
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Table 4. Analytical results of weathered granitoid gravels from the Uji hills.
Sample ormalized values Conternt(ppm)
Member Loc. 1.D. by the JG-1No.
numberlJl Rb Sr Rb Sr
Uji Gravel Bed U-1 0.380 1.104 72 196
U-2 0.997 1.063 190 189
U-3 1.043 0.550 199 98
U-4 0.697 0.845 133 150
U-5 0.825 0.425 157 75
U-6 1.187 1.334 226 237
U-7 0.795 0.475 152 84
U-8 0.637 1.187 121 211
Joyo B Gravel Bed 1 JB-1 0.481 0.559 92 99
JB-2 0.608 0.703 116 125
JB-3 0.739 0.821 141 146
JB-4 0.601 0.704 115 125
JB-5 0.608 0.698 116 124
JB-6 0.621 0.615 118 109
JB-7 1.023 1.020 195 181
JB-8 1.150 1.245 220 221
Joyo A Gravel Bed 2 JA-1 0.929 0.397 254 71
JA-2 1.296 0.805 247 143
(1) I. D. number for granitoid gravels.
Table 5. Chemical compositions of biotite in sand from the Uji hills.
Member Loc. o. 1. D. III SiOz TiO z Al z0 3 FeO' IZJ MnO MgO KzO Total MgO/FeO' Sample
number
Uji Gravel Bed 1 No.1 47.35 2.29 27.87 13.27 0.32 3.91 3.87 98.88 0.295 9
(2.60) (0.97) (5.65) (4.93) (0.15) (1.51) 0.85)
0.2 45.61 2.14 28.56 14.42 0.44 4.26 4.55 99.98 0.295 10
(3.73) (0.67) (4.75) (3.94) (0.42) (1.31) (3.11)
No.3 45.31 2.21 32.11 11.15 0.29 4.47 4.45 99.99 0.401 8
(2.38) (0.68) (5.57) (2.43) (0.10) (1.80) 0.88)
Joyo B Gravel 1 No.1 52.05 1.47 31.74 7.60 0.22 4.07 2.87 100.02 0.536 9
Bed 0.40) (0.36) (2.29) (2.05) (0.10) (0.83) (0.87)
No.2 48.24 2.49 24.24 11.30 0.26 7.57 5.90 100.00 0.670 12
(1.67) (0.35) (2.66) (2.27) (0.11) (1.27) (0.79)
No.3 45.93 3.37 20.32 14.18 0.30 8.85 7.07 100.02 0.624 10
(0.81) (0.38) (1.45) 0.17) (0.10) (1.11) (0.42)
No.4 48.42 2.49 26.87 11.58 0.22 5.58 4.73 99.99 0.478 12
(4.18) (1.13) (4.24) (5.21) (0.10) (0.83) (1. 74)
No.5 47.87 2.63 28.39 11.49 0.12 4.87 4.58 99.95 0.424 9
(5.19) (1.67) (5.99) (6.25) (0.05) 0.41) (2.34)
Joyo A Gravel 2 No.1 47.11 2.48 23.96 13.95 0.33 6.30 5.87 100.00 0.452 12
Bed (2.05) (0.88) (4.24) (4.12) (0.11) (2.64) 0.30)
No.2 51.55 1.06 34.31 8.61 0.22 2.09 2.17 100.01 0.243 5
0.75) (0.43) (2.60) (3.26) (0.06) (0.29) (0.70)
No.3 50.65 1.41 32.03 9.27 0.26 3.75 2.55 99.92 0.405 10
0.81) (0.38) (2.53) (3.43) (0.17) 0.07) (1.06)
(1) I. D. number for fine sediments, (2) Total iron.
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Table 6. Chemical compositions of biotite in weathered granitoid gravels from the Uji hills.
Member Loc.No. r. DUI Si0 2 Ti0 2 A1 2 0 a FeO' MnO MgO K 2 0 Total MgO/FeO' Sample
number
Uji Gravel Bed 1 U-1 39.71 3.03 22.55 17.83 0.39 7.63 8.85 100.00 0.428 9
0.72) (0.46) (2.93) 0.86) (0.09) (1.17) (1.19)
U-2 42.76 3.09 22.43 17.81 0.39 7.33 6.19 100.00 0.412 9
(2.82) (0.76) (5.80) (4.43) (0.12) 0.79) (2.23)
U-3 42.24 2.40 27.08 16.40 0.39 4.87 6.39 99.78 0.297 9
(2.78) (0.56) (4.37) (3.63) (0.08) (1. 27) (1.90)
U-4 44.37 1.79 28.52 16.75 0.44 3.58 4.56 100.00 0.214 4
(3.63) (1.00) (5.02) (6.59) (013) (2.08) (3.41)
U-5 39.57 2.06 22.40 19.93 0.49 6.47 9.09 100.00 0.324 9
(0.85) (0.15) (0.93) (0.74) (0.08) (0.41) (0.60)
U-6 41.89 3.56 17.62 23.53 0.44 5.34 7.62 100.00 0.227 9
(2.11) (0.23) (1.78) (2.54) (0.12) (0.33) (1.04)
U-7 42.57 1.91 24.65 24.72 0.47 1.94 3.74 100.00 0.078 9
(3.90) (1.32) (4.30) (6.23) (0.23) (1.53) (2.20)
U-8 41.30 2.14 24.08 20.99 0.48 3.61 7.40 100.00 0.172 9
0.81) (0.32) (1.77) (2.12) (0.04) (0.47) (0.95)
U-9 40.97 2.27 21.83 23.28 0.62 3.86 7.15 99.98 0.166 9
(1.32) (0.27) 0.81) (1.99) (0.11) (0.39) (0.75)
U-10 40.87 0.82 41.49 11.51 0.45 4.36 0.51 100.00 0.379 4
(2.24) (1.15) (8.31) (3.79) (0.30) (1.51) (0.27)
U-11 40.16 2.84 22.85 19.49 0.62 5.71 8.33 100.00 0.293 9
(1.10) (0.27) (2.56) (1. 93) (0.10) (0.73) (0.80)
U-12 41.96 3.08 26.97 17.79 0.44 4.66 5.10 100.00 0.262 8
(2.66) (0.70) (6.54) (3.21) (0.16) (1.46) (2.48)
U-13 41.25 2.24 25.58 17.42 0.72 4.88 7.91 100.00 0.280 9
(1.41) (0.22) (2.00) 0.66) (0.13) (0.54) (0.83)
U-14 42.25 2.00 28.97 16.50 0.60 3.60 6.07 100.00 0.218 9
(2.32) (0.71) (6.99) (4.33) (0.21) 0.32) (2.73)
U-15 41.67 3.55 23.38 20.35 0.61 4.58 5.87 100.00 0.225 8
(2.00) (1.19) (2.53) (2.49) (0.34) (0.47) (2.25)
Joyo B Gravel 1 JB-1 40.71 4.50 21.84 19.27 0.17 6.06 7.44 99.99 0.314 9
Bed 0.24) (0.34) (2.22) (1. 97) (0.11) (0.52) (0.77)
JB-2 47.10 2.93 22.56 14.23 0.24 6.80 6.14 100.00 0.478 100.89) (0.57) (2.55) 0.89) (0.09) 0.39) 0.14)
JB-3 47.69 2.19 26.29 13.71 0.26 4.54 5.04 100.00 0.331 9
(2.19) (0.48) (3.72) (2.85) (0.05) (1.16) (1.47)
JB-4 46.17 3.20 26.19 12.75 0.22 5.67 5.79 100.00 0.444 9
(4.22) (1.28) (5.40) (4.62) (0.10) 0.97) (2.16)
JB-5 47.20 2.45 25.83 12.45 0.35 6.37 5.35 100.00 0.511 9
(1.55) (0.47) (4.09) (2.26) (0.09) (2.04) (1.30)
JB-6 40.58 4.82 20.35 19.72 0.35 6.42 7.77 100.00 0.326 6
(1.03) (0.58) 0.77) 0.35) (0.08) (0.57) (0.53)
JB-7 43.89 3.54 21.03 16.62 0.56 6.59 7.77 100.00 0.396 9
(2.90) (0.55) (1.90) (2.33) (0.10) (1.43) (1.31)
JB-8 40.60 3.33 22.36 16.03 0.54 8.12 9.03 100.00 0.506 6
(0.89) (0.20) (0.40) (0.89) (0.09) (0.18) (0.24)
Joyo A Gravel 2 JA-1 45.99 3.40 19.43 17.73 0.28 6.41 6.77 100.01 0.362 10Bed (2.53) (0.92) 0.41) (3.50) (0.14) (2.38) (0.65)
JA-2 48.94 2.09 28.97 11.61 0.27 4.03 4.09 100.00 0.347 9
0.07) (0.43) (2.45) (2.62) (0.11) (1.01) (0.78)
(1) 1. D. number for granitoid gravels.
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Table 7-1. Chemical compositions of biotite in weathered granitoid gravels from the Keihanna hills.
Member Loc. I. D. Si0 2 Ti0 2 Al 2 0 3 FeO' MnO MgO K 2 0 Total \lgO/FeO' Sample
No. 11I number
Mizutori Gravel 1 No.1 48.34 2.91 26.38 16.97 0.25 3.59 1.56 100.00 0.212 9
Bed (2.19) 0.36) (2.24) (2.29) (005) (067) (0.30)
No.2 40060 2.71 23.67 19.22 0.28 6.03 7.49 100.00 0.333 7
(471) (0.36) (2.50) (5.52) (0.20) (24) 0.54)
Mizutori Gravel 2 No.1 41.53 2.39 22.73 15.54 0.47 8.87 8.47 100.00 0.570 10
Bed (2.95) (0.35) (2.31) (2.08) (Oll) (35) 0.39)
No.2 43.80 0.61 23.79 24.92 1.24 1.86 3.77 99.99 0.075 8
(3.23) (0.34) (2.16) (297) (168) (0.20) (300)
No.3 44.03 1.87 26.79 14.95 0.68 5.69 5.98 99.99 0.381 3
(0.37) (0.66) (0.86) (060) (0.41) (0.40) (033)
No.4 43.57 2.80 22.56 15.89 0.32 7.18 7.69 100.01 0.449 7
(4.86) (0.45) 0.99) (207) (0.09) 0.41) (53)
No.5 45.39 2.73 28.49 13.52 0.38 4.50 4.99 100.00 0.333 6
(355) (0.96) (6.60) (5.20) (010) (73) (231)
Mizutori Gravel 3 No.1 39.51 4.57 20.05 22.05 0.19 5.94 7.69 100.00 0.270 9
Bed (0 79) (0.46) 0.56) 0.22) (0.11) (049) (0.49)
No.2 50.52 1.50 29.66 14.07 0.29 I.ll 2.85 100.00 0.080 10
0.26) (0.53) (2.10) (2.10) (0.09) (0.16) (0.77)
No.3 46.21 2.60 27.91 13.43 0.30 6.47 3.09 100.01 0.483 9
(2.37) (1.15) (3.01) (3.23) (0.13) 0.64) 0.41)
No.4 48.26 1.61 25.26 19.91 0.39 3.24 1.33 100.00 0163 9
(1.31) (0.60) 0.78) (2.21) (0.13) (043) (0.23)
No.5 38.68 3.80 22.34 19.92 0.22 6.15 8.89 100.00 0.309 10
0.03) (0.67) 0.33) (1.12) (0.07) (0.55) (0.61)
Mizutori Gravel 4 No.1 41.98 3.39 21.38 16.02 0.25 8.46 8.52 100.00 0.528 10
Bed (0.69) (023) (0.82) (059) (0.09) (057) (0.49)
No.2 4160 1.95 21.72 25.03 0.35 1.71 7.65 100.01 0.071 8
(4.40) (0.59) (354) (512) (0.06) (0.22) (2.02)
No.3 40.90 2.65 24.09 16.96 0.32 7.06 803 100.01 0.419 8
(4.00) (0.67) (4.44) (397) (0.14) 0.46) (2.37)
Zakuro 5 No.1 43.26 307 22.49 18.80 0.25 6.19 5.94 100.00 0.330 10
Alternation Bed (2.48) (0.30) (2.66) (2.76) (006) (0.96) (35)
No.2 38.29 541 17.91 23.36 0.24 6.45 8.32 99.98 0.276 10
(0.74) (0.26) (0.77) (0.91) (0.09) (0.42) (0.48)
No.3 43.38 1.65 25.05 20.25 0.54 3.30 5.84 100.Ql 0.164 8
(2.76) (0.43) (3.20) (4.03) (0.15) (0.66) 0.82)
No.4 41.27 3.47 21.54 18.00 0.37 7.74 7.61 100.00 0.430 9
0.49) (0.31) 0.47) 0.53) (0.09) (1.14) 0.75)
No.5 43.95 2.08 24.90 18.17 0.43 4.27 6.20 100.00 0.234 7
(168) (0.34) (2.39) (220) (0.04) (0.80) 0.40)
Zakuro 7 No.1 45.25 1.58 27.65 18.50 0.22 3.80 2.99 99.99 0.225 3
Alternation Bed (4.70) (1.16) (5.72) (231) (0.09) 0.86) (2.81)
No.2 45.26 2.16 25.53 18.43 0.38 2.81 5.44 100.01 0.163 3
0.36) (0.22) (3 71) (4.60 (021) (059) 0.13)
No.3 41.77 2.09 22.61 22.27 0.45 3.66 7.15 100.00 0.166 8
(1. 97) (0.16) (2.18) (2.77) (0.09) (0.40) (1.02)
No.4 42.80 0.60 28.06 23.65 0.53 317 1.19 100.00 0.138 9
(32) (0.34) 0.26) (2.72) (0.26) (065) (0.45)
No.5 45.01 0.88 25.80 22.43 0.33 4.63 0.92 100.00 0.208 4
(837) (1.13) (298) (5.71) (0.12) (1.20) (067)
(1) Location number in Fig. 3.
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Table 7-2. Chemical compositions of biotite in weathered granitoid gravels from the Keihanna hills.
Member Loc.No. r. D. SiO z TiO z AlzO, FeO' MnO MgO KzO Total MgO/FeO' Sample
number
Zakuro 11 No.1 45.54 2.56 28.39 12.73 0.26 6.20 4.33 100.01 0.504 10
Alternation Bed (2.26) 0.17) (3.12) (405) (010) (214) (2.55)
No.2 40.56 3.39 21.89 22.19 048 4.37 7.13 100.01 0.197 10
(2.54) (0.48) (2.51) (3.17) (0.16) (0.69) (76)
No.3 44.55 4.25 26.50 14.83 0.37 4.25 5.25 100.00 0.289 10
(3.98) 0.78) (451) (5.71) (0.13) 0.64) (2.24)
No4 39.50 3.57 21.20 22.88 0.51 441 7.94 100.D1 0.193 10
(3.68) (043) (4.27) (4.99) (0.18) (0.91) (2.39)
No.5 45.53 3.56 28.56 16.26 041 4.50 1.18 100.00 0.286 10
(4.61) (200) (94) (508) (0.08) (1.14) (0.29)
No.6 48.76 148 32.87 10.76 0.33 2.39 3.42 100.01 0.246 6
(3.70) (0.53) (618) (6.24) (0.18) 0.12) 0.88)
No.7 47.45 3.42 25.64 15.29 0.32 5.21 2.67 100.00 0.340 6
0.57) (040) (2.88) (258) (0.11) 0.05) (05)
No.8 51.79 1.24 35.04 8.07 0.21 1.20 244 99.99 0.205 10
(3.86) (0.59) (6.01) (6.93) (013) (0.29) 0.95)
No.9 34.94 3.64 23.32 21.13 0.52 4.84 2.62 100.01 0.229 4
0.86) 0.56) (057) (1.09) (0.07) (0.74) (0.31)
Zakuro 12 No.1 42.80 2.49 21.66 23.38 0.43 3.51 5.37 100.00 0.150 10
Alternation Bed (2.84) (0.72) (2.95) (302) (0.14) (0.75) (1.84)
No.2 47.23 2.52 26.69 17.07 0.33 2.74 3.44 100.02 0.160 6
(3 79) (085) (4.38) (4.94) (0.13) (0.49) (48)
No.3 39.97 4.07 21.91 20.50 042 5.33 7.80 100.00 0.260 10
(168) (0.57) 0.85) 0.17) (010) (056) 0.15)
No.4 44.21 3.53 22.40 18.88 0.32 7.58 3.08 100.00 0.402 6
0.89) 0.36) (3.07) (1.38) (0.11) (1.16) (2.61)
No.5 4601 2.87 27.15 15.97 0.32 5.76 1.93 100.01 0.362 5
(3.43) 0.75) (4.71) (4.25) (0.20) (2.04) (3.42)
No.6 41.17 0.76 29.65 15.74 0.41 11.30 0.97 100.00 0.728 6
(3.18) (097) 0.83) (243) (0.09) (3.25) (1.63)
Zakuro 14 No.1 3944 5.01 1945 21.67 0.30 6.01 6.13 100.01 0.278 10
Alternation Bed (2.08) (0.52) (2.29) (248) (0.08) (0.59) (0.88)
No.2 41.29 3.55 20.28 16.62 0.53 9.16 8.57 100.00 0.551 10
(2.06) (0.29) 0.55) (151) (0.08) (05) (0.88)
No.3 40.45 2.53 22.29 17.67 0.51 7.85 8.71 100.01 0.444 10
(2.02) (0.21) 0.19) (1.28) (0.09) 0.03) 0.03)
No4 45.21 1.72 26.52 15.13 042 5.44 5.56 100.00 0.363 10
(4.45) (1.08) (5.13) (5.05) (0.14) (2.05) (3.13)
Zakuro 15 No.1 48.64 0.95 28.43 13.70 0.34 5.51 2.43 100.00 0.399 10
Alternation Bed (2.22) (0.76) (2.10) (2.10) (0.14) 0.25) 0.15)
No.2 39.76 3.14 22.98 17.53 0.58 7.26 8.76 100.01 0.415 8
(2.34) (0.23) (263) (2.56) (0.10) (1.18) (1.36)
Seika Formation 6 No.1 41.76 3.13 21.66 16.27 042 8.51 8.25 100.00 0.527 9
0.27) (0.27) (1.76) (56) (0.15) (0.84) (0.90)
No.2 42.02 284 23.50 15.61 0.60 7.41 8.02 100.00 0.475 9
(2.64) (0.40) 0.84) (2.02) (017) 0.02) (41)
No.3 48.23 0.69 30.77 13.06 0.35 2.29 4.61 100.00 0.181 9
(3.01) (0.23) (3.25) (3.98) (0.16) (0.46) (60)
No.4 44.29 2.38 24.99 15.82 0.32 5.55 6.65 10000 0.356 9
(2.50) (041) (3.24) (3.23) (0.09) (0.87) (1.44)
No.5 44.35 2.34 21.62 23.23 0.66 1.97 5.83 100.00 0.086 9
0.56) (0.29) (285) (322) (0.18) (026) (0.80)
No.6 4601 2.12 25.30 19.14 0.63 1.84 4.95 99.99 0.099 7
(2.24) (0.81) (424) (4.78) (022) (0.22) (1.06)
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Table 7-3. Chemical compositions of biotite in weathered granitoid gravels from the Keihanna hills.
Member Loc.No. r. D. Si0 2 Ti0 2 Al 20 3 FeO' MnO MgO K 2 0 Total MgO/FeO' Sample
number
Seika Formation 9 No.1 40.35 3.87 20.84 20.18 0.44 5.99 8.33 10000 0.297 10
0.53) (020) (1.16) (146) (0.05) (0.40) (0.90)
No.2 40.11 2.23 22.74 22.09 0.49 3.95 8.39 100.00 0.179 10
(2.35) (0.48) (2.83) (2.92) (0.15) (0.55) 0.15)
No.3 47.92 2.39 21.76 19.97 0.46 2.27 5.23 100.00 0.118 10
(3.92) (0.50) (2.83) (4.27) (0.18) (0.24) (166)
No.4 45.09 2.33 2140 20.85 0.39 3.89 6.05 100.00 0.186 10
0.86) (0.42) (1.96) 0.49) (010) (0.48) (0.75)
No.5 47.53 3.79 24.71 16.66 0.27 3.25 3.79 100.00 0.196 8
(2.96) (102) (3.17) (2.98) (0.16) (0.51) 0.42)
No.6 46.56 2.99 24.84 17.85 0.21 2.81 4.74 100.00 0.158 8
(1.58) (0.45) 0.48) 0.47) (0.10) (0.37) (0.64)
No.7 47.75 149 23.89 17.42 0.23 4.80 4.43 100.01 0.274 5
0.32) (0.73) 0.99) (162) (0.06) (0.93) (0.91)
No.8 47.84 0.98 25.60 17.91 0.21 2.93 4.55 100.02 0.164 10
0.83) (0.67) 0.24) (180) (0.08) (0.36) (0.97)
No.9 44.31 3.20 21.72 17.72 0.55 5.88 6.62 100.00 0.330 10
(3.86) (0.53) (4.29) (4.28) (0.16) 0.57) (2.13)
No.10 46.33 5.24 25.63 16.38 0.32 2.63 3.48 100.01 0.161 8
(2.82) (145) (2.46) (4.12) (0.15) (0.64) (24)
No.ll 42.80 2.01 23.64 20.32 0.49 3.47 7.22 100.01 0.171 10
(2.91) (0.24) (2.18) (2.81) (0.06) (0.49) 0.59)
No.12 42.18 3.39 22.06 18.46 0.42 6.74 6.76 100.01 0.365 10
(104) (0.24) (1. 06) 0.51) (0.08) (0.82) (1.21)
No.13 4712 3.31 26.75 14.65 0.27 3.88 4.04 100.02 0.263 6
(108) (0.90) (168) 0.13) (0.10) (0.97) (106)
Saika Formation 13 No.1 45.58 2.18 28.27 14.65 0.41 4.98 3.93 100.00 0.341 10
(2.77) (0.70) (3.20) (3.19) (0.14) (104) (200)
No.2 46.28 189 30.40 15.45 0.44 4.42 1.12 100.00 0.287 10
(2.23) (127) (156) (2.43) (0.15) (0.83) (0.28)
No.3 43.22 2.57 23.90 16.12 0.42 6.41 7.37 100.01 0.399 10
(3.24) (0.29) (2.58) (2.99) (0.10) 0.32) (1.68)
No.4 46.46 0.60 3120 16.74 0.32 2.47 2.20 99.99 0.150 8
(4.41) (0.40) (2.47) (6.75) (0.16) (0.88) 0.24)
Saika Formation 16 No.1 40.43 2.45 23.72 20.85 0.73 4.25 7.58 100.01 0.203 10
(3.06) (0.58) (3.64) (3.53) (0.19) (0.86) (1.65)
Shoudai 17 No.1 45.29 2.38 27.05 16.47 0.40 3.48 4.93 100.00 0.243 10
Formation (5.28) (101) (6.68) (7.57) (0.25) (1.28) (2.87)
No.2 39.47 4.77 19.47 22.63 0.31 5.43 7.91 99.99 0.240 10
0.39) (0.43) 0.29) 0.45) (0.07) (0.39) (0.51)
No.3 43.'10 2.95 24.29 18.82 0.54 3.84 6.46 100.00 0.207 10
(3.57) (0.39) (4.27) (5.18) (0.11) (0 99) 0.77)
No.4 46.00 4.75 19.27 14.43 0.22 7.06 8.27 100.00 0.472 8
(9.83) 0.85) (1.76) (6.25) (0.07) (3.37) (0.64)
Table 8. Chemical compositions of biotite in sand from the Nara hills.
Member Loc.No. Si0 2 Ti0 2 Al 20 3 FeO' MnO MgO K 20 Total MgO/FeO' Sample
number
Loc.1 46.72 3.59 25.22 9.92 0.05 8.27 6.02 99.79 0.83 3
(3.38) (1.41) (6.27) (5.44) (0.05) (1.51) (2.01)
Kannonji Gravel Bed Loc.2 50.07 158 30.71 6.46 0.30 6.49 4.42 100.03 1.00 12
(3.54) (0.51) (3.29) (209) (010) (2.49) 0.85)
Kiridoshi Sand Bed Loc.3 49.94 142 31.79 5.81 0.30 6.56 4.19 100.01 1.13 8
(3.02) (0.40) (2.66) (1.75) (0.11) (2.68) (1.71)
Kamiumedani Loc.4 55.99 0.57 35.75 4.38 0.11 1.84· 1.26 10000 0.42 11
Sand Bed 0.14) (0.23) 0.51) 0.75) (0.07) (0.24) (0.52)
Toroji Alternation Loc.5 54.15 152 27.85 8.78 0.18 4.56 2.96 100.00 0.52 11
0.39) (0.31) 0.88) 0.52) (0.08) (0.88) (0.60)
Konoike Alternation Loc.6 50.37 2.38 27.63 8.23 0.28 6.44 4.67 100.00 0.78 9
(332) 0.02) (3.10) (2.50) (0.09) 0.41) (65)
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Table 9. Chemical compositions of biotite in weathered granitoid gravels from the Nara hills.
Member Loc. I. D. Si0 2 Ti0 2 Al20a FeO' MnO MgO K20 Total MgO/FeO' Sample
0. 111 number
(Watsuka)121 1 No.1 43.95 3.66 25.09 15.51 0.24 5.41 6.14 100.00 0.349 11
(1.65) (0.35) (2.30) (2.22) CO.08) (0.68) (0.81)
No.2 43.07 2.34 23.59 12.80 0.37 9.79 8.04 100.00 0.765 12
(0.99) (0.22) (1.15) (1.32) CO.08) (0.82) (0.52)
Kannonji 2 No.1 48.70 2.05 28.48 10.65 0.31 5.42 4.39 100.00 0.509 12
Gravel Bed (2.06) (0.70) (3.37) (3.44) (0.08) (0.87) (0.83)
0.2 42.97 2.62 24.65 16.72 0.37 5.86 6.83 100.02 0.350 16
(0.91) (0.39) (1.49) 0.02) (0.10) (0.56) (0.82)
0.3 47.07 2.93 28.48 13.84 0.28 4.76 2.63 100.01 0.345 16
(1.70) (0.79) (3.13) (2.65) (0.09) (1.04) (0.80)
Konoike 6 No.1 45.33 2.71 26.83 13.66 0.35 5.14 5.97 99.99 0.376 12
Alternation Bed (3.21) (0.93) (3.65) (3.63) (0.14) (1.15) 0.58)
No.2 43.35 3.59 24.64 16.63 0.16 5.40 6.24 100.01 0.325 13
(2.11) (0.87) (2.54) (2.29) (0.05) (0.89) (0.84)
No.3 . 44.76 1.93 26.89 12.36 0.36 6.93 6.77 100.00 0.561 12
(4.45) (0.52) (3.84) (3.65) (0.15) 0.94) (2.18)
No.4 43.19 4.22 23.22 16.72 0.16 5.94 6.54 99.99 0.355 11
(1.78) (0.76) (3.09) (2.23) (0.09) (1.14) (1.01)
(1) Location number in Fig, 4, (2) Sampling location.
Table 10. Chemical compositions of biotite in sediments from the Momoyama hills.
Member Loc.No. I. D. Si0 2 Ti0 2 Al 2 0 a FeO' MnO MgO K20 Total MgO/FeO' Sample
Ma5+1 4 0.1 46.55 2.75 22.32 15.88 0.36 5.54 6.63 100.03 0.349 13(2.49) (0.87) (3.43) (3.27) (0.16) 0.49) (1.10)
No.2 48.41 2.59 25.86 14.14 0.31 3.89 4.81 100.01 0.275 7
(4.07) (0.73) (5.84) (6.16) (0.12) (1.31) (2.43)
Ma5-1 4 No.1 46.16 3.06 20.92 17.57 0.37 5.15 6.78 100.01 0.293 13
0.92) (0.51) (3.32) (2.68) (0.08) 0.47) 0.28)
No.2 48.33 2.08 25.48 13.85 0.34 5.14 4.79 100.01 0.371 10
(2.35) (0.49) (2.89) (4.03) (0.19) (1.03) (1.19)
No.3 48.03 1.87 25.90 15.10 0.46 3.62 5.02 100.00 0.240 10
(2.38) (0.50) (2.94) (3.70) (0.16) (1.00) (1.20)
Ma4-1 3 No.1 46.39 3.17 20.83 16.07 0.37 6.33 6.85 100.01 0.394 9
(2.05) (0.55) (4.36) (5.34) (0.14) 0.92) 0.35)
No.2 48.18 2.04 28.30 11.75 0.23 4.73 4.76 99.99 0.403 9
(3.72) (0.78) (4.53) (4.35) CO.08) (2.15) (2.13)
No.3 47.78 2.32 26.68 12.26 0.28 5.28 5.40 100.00 0.431 9
(2.73) (0.65) (3.89) (2.47) (0.12) (1.86) 0.67)
Ma4-2 3 No.1 47.09 3.12 19.21 17.80 0.30 5.72 6.77 100.01 0.321 8
(1.73) (0.49) 0.95) (3.66) (0.11) 0.95) (0.73)
No.2 48.62 2.53 23.55 14.29 0.43 4.82 5.76 100.00 0.337 6
0.92) (0.66) (3.91) (3.36) (0.16) (1.87) (1.00)
No.3 49.85 2.57 23.11 14.72 0.26 4.41 5.09 100.Q1 0.300 6
(2.25) (0.54) (2.79) (2.22) (0.07) (0.91) (1.12)
Ma4-3 3 51.36 3.35 19.81 15.57 0.38 5.34 4.19 100.00 0.343 5
(2.21) (0.69) (1.96) (2.08) (0.14) (0.76) (0.71)
Ma2' + 1 6 No.1 48.98 2.11 28.08 9.76 0.25 6.37 4.45 100.00 0.653 9
(2.54) (0.35) (2.24) (3.01) (0.07) 0.39) (0.85)
No.2 47.44 3.13 22.03 14.53 0.35 6.70 5.84 100.02 0.461 11
(2.25) (0.78) (2.66) (3.33) (0.09) 0.91) (1.47)
Ma2' 6 0.1 47.65 3.16 21.09 14.07 0.28 8.04 5.71 100.00 0.571 5
(4.26) 0.37) (7.18) (4.47) (0.14) (3.43) (2.19)
No.2 45.39 3.40 19.41 15.82 0.29 9.04 6.65 100.00 0.571 12
0.57) (0.45) (2.23) (1.70) (0.10) 0.40) 0.44)
0.3 45.76 3.20 20.53 15.44 0.26 8.52 6.30 100.01 0.552 5
(2.71) (0.84) (4.01) (1.90) (0.17) (2.90) (1.22)
Ma2' -1 6 No.1 45.52 3.21 18.92 16.93 0.33 7.62 7.48 100.01 0.450 10(1.66) (0.50) (202) (3.31) (0.08) (2.37) (0.70)
No.2 46.73 2.94 22.14 12.17 0.29 9.54 6.20 100.01 0.784 9
(1.89) (0.48) (2.25) 0.53) (0.08) 0.23) (1.08)
No.3 45.75 3.49 18.79 15.78 0.41 8.66 7.13 100.01 0.549 10
(2.20) (0.4l) (1.27) 0.85) (0.10) (0.73) (0.65)
Pk+1 5 No.1 45.66 3.32 19.68 15.65 0.44 8.02 7.22 100.00 0.512 11
0.69) (036) (2.63) (232) (0.11) (0.86) (0.87)
No.2 46.15 3.24 19.28 15.83 0.44 7.95 7.12 100.01 0.502 12
0.40) (022) 0.82) (32) (0 10) (0 75) (0.65)
(l) Location number in Fig.5(a).
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sands and weathered granitoid gravels.
6.2.1. Uji hills
Biotite compositions In sand of the Joyo A
Gravel Bed, the Joyo B Gravel Bed and the Uji
Gravel Bed are plotted on the FeO' -MgO dia-
gram (Fig. 8). Most biotite compositions from
the Joyo B Gravel Bed and the Joyo A Gravel
Bed show high MgO/FeO' ratios (about 0.6),
whereas those from the Uji Gravel biotites show
smaller values, of about 0.3. A part of the data
overlap each other's fields. However, the low
MgO of the Uji Gravel Bed biotites is still dis-
tinctive.
The Joyo A and B Gravel Beds biotites be-
long to the Yagyu-type (Hiraoka, 1997b), and
those of the Uji Gravel Bed are plotted on and
around the Shigaraki-Yagyu types boundary.
This boundary has been obtained by examina-
tion of biotites in the talus deposits of various
granitoid bodies. According to these chemical
compositions of biotites, the author considers
that the detrital biotites in the Joyo A and Joyo
B Gravel Beds differ from those in the Uji
Gravel Bed.
Biotite crystals which have FeO' less than 10
per cent are lusterless and yellowish to light
brown in color. Most of the biotites examined in
the present study were weathered to some ex-
tent. Most of the element contents of an ex-
tremely weathered biotite are remarkably deplet-
ed, while Al 2 0 3 content is enhanced. As an
indicator of the weathering, the K 2 0/AI 2 0 3
ratio was examined. The smaller the ratio, the
more extensively is the biotite weathered. The
averag K 20/Al 20 3 ratio of 70 grains of biotite,
which are extremely weathered to the stage
where FeO' is <10 per cent, is equal to 0.124.
Fig.B. FeO'-MgO plot of biotite in sands of the ]oyo A,
the ]oyo B, and the Uji Gravel Beds.
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Fig.7. Sr-Rb scatter diagram from weathered granitoid
gravels in the Uji hills.
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thought to be extremely sensitive to weathering.
Furthermore, weathered granitoids often consist
chiefly of weathering resistant quartz, and their
chemical compositions may have been changed
from the original granitoids. The scattered na-
ture of the values would be accounted for by
the variety of weathering in the samples. As a
whole, discrimination of the origin of extremely
weathered granitoids and sediments by bulk-
rock chemistry was found to be difficult.
6.2. Compositions of biotite
Biotite crystals contained in granitoids and
weathered granitoids can be used for discrimina-
tion of the granitoid body and the generated
granitic soils (Hiraoka, 1997b). The author ex-
amined the compositions of biotites contained in
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that of the fresh biotite in a granitoid rock,
which has a narrow compositional range and
plots as small clusters in the FeO* -MgO diagram.
The regions of fresh biotite for the Yagyu-type
and the Shigaraki-type are shown in Fig. lOa.
As biotites in gravels in the loyo B Gravel
Bed have higher MgO/FeO* ratios than 0.3, all
of them fall in the Yagyu-type field (Fig. lOb).
The biotites in gravels of the loyo A Gravel Bed
also belong to the Yagyu-type (Fig. 10c). By
contrast, the biotites whose MgO/FeO* values
are less than 0.3, can be found in the Uji Gravel
Bed (Fig. lOa). These granitoid gravels are con-
sidered to have been derived from the Shigaraki-
type granitoid (Hiraoka and Mitamura, 1997).
This result is consistent with that from the
biotites in sand, which has been described
above. Consequently, biotite chemistry for both
Weathered biotite attained to such a stage may
not be reliable for use in discrimination.
Biotite crystals that are black or bronze in
color and lustrous, commonly have K 20/Al 2 0 3
ratios higher than 0.3. These biotites may be
slightly weathered, but they preserve their origi-
nal chemical characteristics completely, and are
most reliable for discrimination. But such
biotites are hardly found in sand samples. There-
fore, the author used slightly to moderately
weathered biotites for discrimination, when their
K 20/Al 20 3 ratios were higher than 0.124 (i.e.,
their FeO*> 10per cent) (Fig. 9).
The boundary between the Yagyu-type and
the Shigaraki-type is shown as a dotted line,
where the MgO/FeO* is equal to 0.3; the bound-
ary between the extreme weathering zone and
the slight or moderate weathering zones is
shown as a broken line, where the K20/Al 20 3
ratio is 0.124. Although some of the samples
plot in the extreme weathering zone, discrimina-
tion by the MgO/FeO* ratios seems to work in
the slight to moderate weathering zone. Weath-
ering of biotite will make changes in the K 2
0/Al 20 3 ratio, but MgO/FeO* ratios would be
less affected.
The FeO* -MgO compositions of biotite in
granitoid gravels were also investigated. Fig. 10
a-c shows analytical results for the (a) Uji
Gravel Bed, (b) loyo B Gravel Bed, and (c) loyo
A Gravel Bed. Thin straight lines in these fig-
ures show least squares linear regression lines of
about 10 grains each in one gravel. This line
has been considered to be a control line of
weathering (Hiraoka, 1997b). The author consid-
ers that the biotites in the granitoid gravels suf-
fer from weathering at various stages, resulting
in chemical variation. This aspect differs from
Shigaraki-type\I Yagyu-type
05 o.
Fig.9. MgO/FeO'- K 20/AI 20 3 plot of biotite shown
in Fig.8.
Yagyu-type
FeO' -MgO plots of biotite in weathered
granitoid gravels; (a) the Uji Gravel Bed,
(b) the Joyo B Gravel Bed, (c)the Joyo A
Gravel Bed.
~.~ ------~- .... ---J-.-
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sand and gravel samples is shown to be useful
for identification of source granitoid rocks.
where the Yagyu-type granitoid bodies are dis-
tributed.
10
Yagyu-type
o 5
(J)
L
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Shoudai Formation
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Seika Formation
6.2.4. Momoyama hills
The biotite samples which are contained in
the freshwater sediments (sands and clays) were
analyzed and the results are plotted on Fig. 14a-
c. The reference lines, which show upper and
lower limits of the field where 90 per cent of
biotites were plotted in, are also shown. Symbols
O~--::-----:-':--...J:-----J:..-..--l---.l(b) 0 20 25 30
6.2.2. Keihanna hills
The biotites of the weathered granitoid
gravels of the Mizutori Gravel Bed, the Zakuro
Alternation Bed, the Seika Formation and the
Shoudai Formation are plotted on the FeO' -MgO
diagrams (Fig. 11a-d) in the same manner.
These diagrams show: i) most biotites of the
Mizutori Gravel Bed fall in the Yagyu-type field
(Fig. 11d); ii) as many biotites of the Zakuro
Gravel Bed fall in the Yagyu-type field as on the
Shigaraki-type field (Fig. 11c); iii) most biotites
of the Seika Formation fall in the Shigaraki-type
field (Fig. 11 b); and iv) those of the Shoudai
Formation fall in the Shigaraki-type field, with
the exception of one sample (Fig. 11a).
According to the results, it can be concluded
that the composition of the Shigaraki-type
gravels increases upwards, and consequently, the
sediments' supply sources have changed between
the Mizutori Gravel Bed and the Shoudai
Formation. The changes are similar to those
found in the Uji hills samples, but are less obvi-
ous than in the Uji hills area. The author consid-
ers that this aspect may have resulted from the
sedimentary process of a marginal paleo-alluvial
fan, i.e., resedimentation of eroded sediments
from the top fan of the Uji hills to the distal fan
of the Keihanna hills.
15,----~:------:"~------__,
Mizutori Gravel
3025
/ Yagyu-type
~-:;:;?~--
- ---=-==-----==-_ Shigaraki- type
FeO' -MgO plots of biotites in weathered
granitoid gravels; (a) the Shoudai Formation,
(b) the Seika Formation, (c) the Zakuro
Alternation Bed, (d) the Mizutori Gravel Bed.
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6.2.3. Nara hills
Weathered biotite samples in sands are plot-
ted on the FeO*-MgO diagram (Fig. 12). As
most FeO' values of biotites are less than 10
per cent, discrimination by these biotites is not
reliable. However, they show high MgO/FeO'
ratios and fall in the Yagyu-type field. Biotites
from the Kiridoshi Sand and the Kannonji
Gravel Beds are characterized by the highest
MgO/FeO' ratios (Table 8).
Biotites of granitoid gravels from the
Watsuka site (Loc.! in Fig.4), the Kannonji
Gravel (Loc.2) and the Konoike Alternation
(Loc.6) are plotted on the FeO· -MgO diagram
(Fig. 13). In this diagram, the granitoid gravels
of the Shigaraki-type cannot be seen in any
samples from the Nara hills. These granitoid
gravels all belong to the Yagyu-type, and they
may have been derived from adjacent areas,
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of freshwater sediments are as same as those in
Fig.5b.
Biotites in the Ma2 * and in the beds above
and below it belong to the Yagyu-type (Fig.
14c). Biotites in beds below the Ma4 horizon
still predominate in the Yagyu-type (Fig. 14b),
but biotites from the Shigaraki-type as well as
from the Yagyu-type are contained in the fresh-
water sediments near the Ma5 horizon. This fea-
ture of the Momoyama hills coincides with those
of the Uji hills and the Keihanna hills. However,
the author is unable to classifiy these biotites
into the Yagyu-type, because the Hiei granitoid
bodies are distributed adjacent to the Momo-
yama hills and the biotites of the Hiei granitoids
show similar MgO/FeO* ratios with the Yagyu-
type (Hiraoka, 1994).
6.3. Source rocks of sediments of the Osaka
Group
Fig. 15 shows the compiled results of inferred
sources of the sediments of the Osaka Group in
the present study area. In the Uji hills, the Joyo
B Gravel Bed contains only Yagyu-type gravels,
and the Uji Gravel Bed contains Shigaraki-type
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Fig.12. FeO*-MgO plot of biotite in sands from the
Nara hills.
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Fig.13. FeO'-MgO plot of biotite in weathered grani-
toid gravels from the Nara hills.
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as well as Yagyu-type gravels. Considering the
discontinuity between the ]oyo B Gravel Bed
and the Uji Gravel Bed, a sudden change in the
supply sources may have occurred. In contrast,
the change of the source occurred upwards
gradually in the Keihanna hills. This difference
between the Uji hills and the Keihanna hills
may have resulted from the sedimentary proc-
esses of the paleo-alluvial fan. The author sug-
gests that the sediments of the Keihanna hills
have been affected by resedimentation material
from the Uji hills area in the upstream.
In the Nara hills, the granitoid gravels from
the Shigaraki-type could not be found. The
grani toid gravels in this area are thought to be
supplied from the adjacent Yagyu-type granitoid
bodies.
The lower member of the Osaka Group in the
southern Kyoto Prefecture consists almost en-
tirely of the Yagyu-type source rocks, whereas
those in the upper member consists of the
Shigaraki-type source rocks. The age when the
change occurred is presumed to be 1.75 Ma-O. 95
Ma. Kawabe (1989) has reported that the
change in sedimentary environment occurred in
the Kobiwako Basin in this period. Sedimen-
tation of a large amount of gravels predomi-
nated in the Kobiwako Basin. These gravels may
have accumulated not only in the eastern and
southern districts of the Kobiwako Basin but
also in the southern Kyoto Prefecture. The
change in sedimentary source rocks found in the
present study may be related to the regional
change of the sedimentary environment.
Uji hill.
[Kawamura, 1993]
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Fig.15 Presumption of the source rocks for the Osaka
Group in southern Kyoto Prefecture.
7. Conclusions
The chemistry of detrital biotite crystals con-
tained in the Osaka Group in the sou thern
Kyoto Prefecture were analyzed. Estimation of
the supply sources of the biotite was made on
the basis of the biotite chemistry. The results of
the presen t study are as follows:
i) Biotite chemistry for both sands and weath-
ered gravel samples are useful for identification
of source granitoid rocks.
ii) The lower memb r of the Osaka Group in
the southern Kyoto Prefecture consists almost
entirely of Yagyu-type gravels, whereas the
upper member consists of Shigaraki-type and
Yagyu-type gravels.
iii) The change from the Yagyu-type to the
Shigaraki-type is obvious in the Uji hills rather
than in the Keihanna hills. The age when the
change occurred is presumed to be 1.75Ma-O.95
Ma.
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